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SUMMARY

The effectes of Reynolds number and body corner radius on the aerodynamic
characteristics of a model of the proposed MSC Space Shuttle Orbiter
have been investigated and the results are presented. The model, a
modified May 1969 baseline shape, was tested in the Ames 12-Foot Pressure
Wind Tunnel during November 1969.

INTRODUCTION

An exploratory investigation of the aerodynamic characteristics of the
proposed MSC Space Shuttle Orbiter was conducted in the Ames 6- by 6-Foot
Wind Tunnel and the results reported in reference 1. It was suspected that
the subsonic data for the orbiter at large angles of attack may be a strong
function of the body corner radius and the test Reynolds number; hence,
that the results may not be representative of full scale flight. This
susplicion was based upon experimental data for two-dimensional non-circular
cylinders (reference 2) which showed that the cross flow and resultant
forces changed rapidly at a critical Reynolds number -~ the value of this
critical Reynolds number being strongly dependent on cylinder corner radius.
A further invegtigation of the orbiter was undertaken, therefore, to deter-
mine the effects of Reynolds number and corner radius on the serodynamic
characteristics at high angles of attack. The results are presented herein
without enalysis to expedite release of the data.

The investigation was conducted in the Ames 12-Foot Pressure Wind
Tunnel during November 1969, (Test No. 12-464k). The range of test condi-
tions included Mach numbers of 0.3 to 0.5 (most of tegts were limited to
0.3), Reynolds numbers of 1.k x 106 to 8.7 x 106 per foot, angles of attack
from -6 to 75 degrees, and angles of sideglip from -10 to 9 degrees.

Except for modifications to allow changes in corner radius, the model was
the same as that Investigated in reference 1.

SIMBOLS

All moments have been calculated for the moment center location shown
on Figure 4.

wing-span) 1.50 1t

wing mean acrodynsmic chord, 0.2317 ft

body axis axfal-force coefficient, axial force/q S
stability axis drag coefficient, drag/quS

stability axis drap coefficient uncorrected for tunnel wall
interference

stability axis 1ift coefficlent, 1ift/q S

Q O Q ot
SRS RS o

5P

lift-to-dray rativ, Lift/drag,

body axis rolt.og woment coefticient, rolling moment/qqu
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Cm stability and body axis pitching momeut coefriiciernt, pitcking
moment/q_S€
C& pitching-moment coefficient uncorrectoed For tunnel wall
interference
CN body axis normal-force coefficient, normal force/qws
Cy body axis normal force coefficient, aormal force/qwsﬁ
<y L
o
C, body axis yawing-moment coefficieni, yawing momenﬁ/qub
Cy stability and body axis side force coefficient, side fovee/q S
D drag, 1b
M, free-stream Mach number
M; tunnel Mach number uncorrected for bir-kage

free-stream dynamic pressure, pst

measured dynamic pressure uncorrected Jor hlocka.se and tunne)
calibration, psf

28

R Reynolds number, milliones per oot o

r G body lower corner radius, inches

s wing reference area, 0.32 f%21 facivder avea fromes Ly
extending leading and trailing edgee to wody centeriine

S2 planform area of body with zerc lover corner radius. O.62 t%g

o angle of attack of model horizontal rafersnce plars . degreag

ot angle of attack uncorrected fov ~unel .mil interfersnes

g angle of sideglip of the model verileal refecence plune, devce-s

sih elevator deflection angle, poc!tivyn, traiiing cdge dowm, degrees

] angle between model horizonts! vefuvence vimes aord he aling
centerline, degrees

N sweep angle, degrees

MODEL NOTATTON
B body. OSubscripts identify bodie: . ith dlrferen. o pgoprso:

corner radii, e.g.,
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fubserigt Radius
3 0.0 inches
5 1/3 local body width
6 0.16 inches
1 0.24 inches
8 0.3% inches
0 0.24 inches gforward of wing)
0.0 inches (aft of wing)
B.L. model buttock line, inches
g% horizontal stabilizer (Figure 6)
Hg horizontal stabilizer (Figure 6)
M.5. model station; Inches
vy, vertical stabilizer (Figure 7)
Wy wing (Figure 5)

*fixed horizontal tall extension installed with H5 (see Figure 4},

APPARATUS AND METHOD

This investigation was conducted 1n the 12-Foot Presgure Wind 7 .cel.
1 order to provide the required Reynolds numbers.

The model was an 0.02-scale version of the proposed Manned Spacecraft
Center Space Shuttle orbiter May 1969 baseline modified to approximats
Auguat 15, 1969 baseline. Sketches of the model are shown in,Figuren j
through 7 and photographs of the model are shown in Figure 8.” Princlipal
dimensiong snd arecas of the model are presented in Table I.

The model was the same as that investigated 1In reference i excepth
that 1t was modified tc allow for a change in the body lower surface
corner radius. Corner radii, r, investigated were 0, 0.16, 0.2k, C.3% faut
and s varying radius equal to 1/3 the body width at that body stution
In addition, the effect of two horizontal tails, H5 and HB wad alsc
inveetigated.

The model was sting mounted &s shown in Figures 1 through 3. ‘The:
sting entered the base of the model at & = O and 8 degrees and entered
through the top of the model at & = 36 degrees. Three sting-to-model
angle relstionships were required to cover the angle-of-attack and angls-
nf-gidesglip ranges.

MEASURFMENTS AND _CORRECTIONS

Aerodynamic forces and moments were measured with six-componeay,
inve:mal, strain gage balances; a 1% inch and a §.0 inch were used fov
runa ‘+ through 14 and 15 through 114, respectively. Forces and iy=n':
were ~orrected for base and model cavity pressures.

' Stown with fixed horizontal tail extension removed.
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The zngle of attack vac ueasured using an angle transducer uounted
oh the support system. Sting and btalance deflection corrections were

applind.
‘rhe Aubts were corrected for interference from the tunnel walls as
Polliows:
a = a' 4+ .02) CL
= CL s 000125 02
(D ("D v, p) L .
(=0t o+ 00056 ¢ horizontal gtabilizer on
st m - L
¢, = C 7 horizontal stabilizer off
b

The corrections applied Lo the free-stream Mach number for model
hlockage were determined as follows:

- PR 2
Moo= M [::Ar x [1+0.201) :]:]

0.0001168 , 1+ 0.h(M;)2i] D
- Q00LC L 0003148 2
[-(m,)2 )% " . C1-(M2)F %,

The bump on the wind~tunnel floor (Figure 1), housing part of the model
support gystem, introduced flow srngularity in the test section. The magni-
tude of the flow angle wae of the order of 1 to 2 degrees in the vicinity
of the model when the model was ai zero angle of attack. With increasing
angle of attack the model moved away from the bump into & region where flow
angularity diminished in magnitude and importance. No correction wasg
applled to the data.

PRESENTATION AND RESULIYS

‘fable IT is an index of the data figures presented and Table III is an
index of completed rung. The longitudinal characteristics are presented in
Figures 9 through 34 and the lateral charscteristics in Figures 35 through
ik, The data were machine-~falred uslngz straight line elements.
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TABLE 77 INDEX OF DATA FIGURES
e e e —_ _
Figure t; tsrareter Title
9 =75 Effect of angle of attack on longitudinal
10 S T characteristics with various body cormer
11 R = 3.8 radii for body only configuration.
2 R 1.9 o
13 R~ 7.5 Etfect of angle of attack on longitudinal
characteristics with various body corner
R B " radil for complete model configuration.
1h "R
3
15 B( Effect of angle of attack on longitudinai
16 BJ characteristics at various Reynolds nmumbers
7 for body only configuration.
S N : T
18 B.vW. 1
5
19 BTWl Effect of angle of attack on longitudinal.
20 BW.H characteristics at various Reynolds numbers
T1°5 for several model configurations.
21 BYWiHS
22 BBW1H5
B 23 BlOWle
2h B7le Effect of angle of attack on longitudinel =~~~
25 B W H5 characteristics during model buildup,
718 R = 7.5.
)
B 26 BBW1H5 )
27 R=1T.5 Effect of angle of attack on longitudinal
characteristics for various horizontal
stabilizer configurations with body B?.
- 28 R =17.5 Effect of angle of attack on longitidine’
29 R=1.9 characteristics for various elevator de.
- flection angles, B W, H_.
8°% "1 e
30 R ="7.5 Effect of angle of attack on longitudinal
31 R =1.9 characteristics for various elevat de.
- flection angles, BZYlHB' ___________ B
32 B7W1H5 Variation of longitudinal characte:iatics
. with Mach number. o
33 a = 60 Variation of normal force with Revrold:
i for body only configuration.
! kL a = 60 Variation of pitching moment with Heynclas =~
b number for body only configuraticm,
f 35 R=1T7.5 Effect of sideslip angle on latecal ~haractect.
: 36 R =1.9 tics with various body corner vadii ©ur ody
i only configuration, a = 60 degre«s.
CEMENAL T -0 1S
OF 070 ga airy
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TABLE II (Concluded)

————
Figure Parameter Title
37 R=17.5 Effect of sideslip angle on lateral charac-
teristics with various body corner radii for
complete model configuration, a = 60 degrees.
38 Bg Effect of sideslip angle on lateral charac-
teristics at various Reynolds numbers,
o = O degrees.
39 B3
Lo B, Effect of sideslip angle on lateral charac-
n B teristics at various Reynolds numbers for
T body only configuration, a = 60 degrees.
ko Bg
43 B5W1H5
Ly B7wl Effect of sideslip angle on lateral charac-
15 BWH teristics at various Reynolds numbers for
715 several model configurations, a = 60 degrees.
L6 B W) Hg
L B8w1H5
48 Bl Wigj
Lo R=17.5 Effect of sideslip angle on lateral charac-
teristics during model buildup with body Bg,,
- a = & degrees.
50 B,?W'lH5 Effect of sideslip angle on lateral charac-
51 BV.H teristics during model buildup, a = 60 degrees,
718 R=17.5,
; 52 BBNIHS
i B3 R=17.5 Effect of sideslip angle on lateral charac-
f teristics for various horizontal stabilizer
i configurations with body B7, a = 60 degrees.
E“‘. 5L B7W1H5 " Variation of lateral characteristics with

Mach number,




TADLE III INDEX OF RUNS
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TABLE II1 IKNDKX OF RUNS (Continued}

RUN M, ’_ R | %X B e
35 -30 3.8 60 | Vary 36
36 l 1.9 Vary 0

37 .30 1.6 60  |[vary

38 Vary |[Vary 60 0

39 vary |Vary 70 l Y
ko .30 7.5 vary 0 36
l&l. 1.5 60 |Vary

ho 5.5 | vary 0

43 .30 5.5 60 |vary

Ly Vary |Vary €0 0

L5 Vary |vary 70 l

ks .30 3.8 Vary o

k7 l 3.8 | 60 |vary

L8 1.9 Vary o]

kg .30 1.9 60 |vary

50 Vary |[Vary 60 0

51 .30 7.5 Vary 0

52 7.5 60 |vary

53 5.5 Vary 0

Sk 3.8 l l

55 { 1.9 Vary 0

56 B .30 1.9 60 |vary

57 Wy Vary | Vary 60 0

58 .30 | 7.5 [(vary| O

59 .30 7.5 60 | Vary

50 Vary |Vary 60 2

61 .30 1.9 Vary 0

62 Wy .30 1.9 60 | Vvary

63 W.H Vary | Vary 60 0

6l .30 7.5 Vary o]

65 .30 7.5 60 |vary

66 l vary | Vary 60 2 Y
67 W. H 30 { 1.9 {vary|{ O 36
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TABLE III INDEX OF RUNS (Continued)

RUN CONF M R a B e 8 L REMARKS

68 B7le5 .30 1.9 60 |vary 36 0

69 7.5 |Vary 0 30

70 7.5 60 |Vary

71 1.9 Vary 0

72 1.9 60 |Vary 30

73 r 7.5 | vary | O -10

Th .30 1.9 l -10

(P) .53 2.9 Vary 0 0]

76 .53 2.9 60 |Vary

7 Y 42 | 3.8 |[vary| O©

78 }37le5 b2 3.8 60 | Vary

79 Blole5 .30 7.5 | Vary 0

80 Blole5 .30 7.5 60 | vary

81 BlOle5 1.9 Vary { O

32 Bloles 1.9 60 | vary

a3 }35le5 7.5 vary 0

8h 7.5 6C | Vary

385 l 1.9 Yary 5]

36 135le5 1.9 €0 | Vary

87 B8le5 7.5 vary 0

88 7.5 | 6G | vary

89 1 1.9 Vary ¢ v

90 B8W1H5 1.9 6501 Very 0

9 B8W1 7.5 Yacy 0 ~

9 I 1 7.5 5U | Yavy | ~

93 | L9 Yary 0 -
ok BgW, | 1y | 50 | dary L -
% 95 B’{WlHB 75 7 ’\/’az-gf§ : 0

26 75 a0 f Yoy §

97 BV vary i }

A T |

100 }37le8 | 30 ! T ! Gl vary | 30 30 | B
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RUN | R 4 B

101 1.9 Vary 0

102 1.9 60 |Vary
103 7.5 Vary 0

104 7.5 60 |vary
105 1.9 lvary | o

106 1.6 60  Vary
107 7.5 vary s
108 7.5 6 |Vary
109 1.9 J|vary | o

110 1.9 2 |vary
111 7.5 |vary | u

112 T-5 6 |Vaxy
113 1.9 Vary O {
114 1.9 5 vary i
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Tunus? Station 115.82 ft.

i

All Dimensions in Inches Unless Otherwise Noted

f Tunnel Centerline

\::;< —

47.19

Rotntion oo
Angles ot

T Sideslin

agotation o,
Angles oFf
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All Dimensions in Inches Unless Otherwise Noted

4}{-—- Tunnel Ceaterline

- a0
8
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Rotation for
4719 Angles of
Sideslip
Rotation for

Angles of
Attack

L .

el Station 115.53 ft.- 12072 121.8]
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All Dimensions in Inches Unless Otherwise Noted
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: Vertical Reference Line

' Fixed Horizonimi

. Tail Extension

Maoment Center
| V&

Stin

\

vot Point
% to
Model)

Wi

T NN T T
Horizontal Reference Line —
M.S. | 13.23 1S.10
|
M.S. 2'50o 7.l00 IZ'.OO 17.00 22 .50
5" /(\/ /‘ /\ /\\
{1 ( + + + +
| . ;
L_é:ra-* <—4.06— '-—3.94 —d 370 — o326+

All Model Stations and Dimensions in Inches

Figure 4. -Plan and Elevation View of:‘_Mpg_ig;
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e

All Dimensions in Inches

T'igure T7.- Vertical Stabilizer Vh



(a) Model installation in the Ames 12-Foot Pressure Wind Tunnel

Figure 8. - Photographs of model
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